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Abstract – In the humid, temperate mid-Atlantic area of the USA, crop production that leaves the soil uncovered can lead to undesirable soil
and nutrient losses to the surrounding Chesapeake Bay watershed. To cope with this issue, winter annual cover crops could provide soil cover
both during winter months and, as surface residue in no-tillage cropping systems, during summer months. Legume cover crops such as hairy
vetch can produce abundant biomass and N by the time summer crops are planted in spring. Although N mineralized from a legume cover
crop can contribute to meeting the N requirement of crops such as corn, it also may not be used eﬃciently by crops and could be lost into the
local environment. This research was conducted to determine whether hairy vetch or a hairy vetch-rye mixture that was allowed to produce
high levels of biomass with a high N content (200 to 250 kg/ha) could meet the N requirements of no-tillage sweet corn and to determine the
eﬃciency of N use relative to that of fertilizer N. Our results show that marketable yield of sweet corn was approximately doubled by hairy
vetch in 2 of 3 years compared to an unfertilized, no-cover crop control. However, in 2 of 3 years, hairy vetch and the vetch-rye mix reduced
yield by 19 and 34%, respectively, compared to a no-cover crop control with fertilizer N. Reduced plant population that reduced the number
of ears per ha accounted for the yield reduction by these cover crops compared to the fertilized no-cover crop control. Fertilizer N was 1.5 to
2 times more eﬃcient than hairy vetch at producing sweet corn ear mass per unit of N input but combinations of fertilizer N with cover crops
were less eﬃcient than either alone. Results suggest that growing sweet corn without tillage in high biomass levels of cover crops can interfere
with crop establishment, reduce the eﬃciency of crop production, and allow for potentially high N losses into the environment.
cover crops / nitrogen use eﬃciency / sweet corn / Zea mays L. / hairy vetch / Vicia villosa Roth / rye / Secale cereale L.
1. INTRODUCTION
Recent interest in cover crops has been motivated by the in-
crease in the cost of commercial fertilizers, the decline in soil
fertility and organic matter associated with many vegetable
farming practices, and the loss of soil, nutrients and pesti-
cides that become major contaminants to water sources. Use
of cover crops in no-tillage production systems can enhance
sustainable production by reducing soil and nutrient losses
(Shipley et al., 1992; Rice et al., 2001), improving soil phys-
ical and biological properties (McVay et al., 1989), retaining
soil moisture (Clark et al., 1995), suppressing weeds (Burgos
et al., 1996; Carrera et al., 2004), and reducing production
costs and increasing proﬁtability (Abdul-Baki and Teasdale,
2007). Hairy vetch is a winter annual legume that is particu-
larly suited as a cover crop for production in humid, temper-
ate climates with moderate winters (Abdul-Baki and Teasdale,
2007). Hairy vetch can be planted in the fall after a cash crop,
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establish and provide ground cover before winter, and produce
a high biomass of viney vegetation with a low C/N ratio and a
high N content before a cash crop is planted in the following
spring (Ranells and Wagger, 1996; Kuo et al., 1997; Teasdale
et al., 2004). After desiccation, this cover crop vegetation can
meet a substantial portion of the N requirement of high-N-
requiring crops such as corn and allow for a substantial reduc-
tion in fertilizer N inputs (McVay et al., 1989; Decker et al.,
1994). Several studies have shown that hairy vetch residue de-
composes rapidly after desiccation in humid climates and that
the majority of N in hairy vetch residuemay be released within
one month and almost all within a growing season (Ruﬀo and
Bullero, 2003; Ranells and Wagger, 1996). This can also lead
to signiﬁcant N losses to the environment through leaching or
denitriﬁcation (Rosecrance et al., 2000).
A hairy vetch-rye cover crop mixture may be preferred to
a hairy vetch monoculture (Sainju et al., 2005). The mixture
can produce higher biomass yield with a higher overall C/N
ratio than that of hairy vetch alone (Teasdale and Abdul-Baki,
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1998). The hairy vetch component of the mixture can reduce
the N requirement for crops such as corn (Decker et al., 1994)
but the rye component develops a more extensive root system
that protects soil and captures residual N in fall and winter
(Shipley et al., 1992) and provides a slower decomposing sur-
face mulch in summer (Ranells and Wagger, 1996). This mix-
ture has been shown to provide greater environmental beneﬁts
by capturing more nitrates and by reducing potential N losses
from leaching and denitriﬁcation compared to a legumemono-
culture (Rosecrance et al., 2000).
Although there is a vast literature on corn responses to
cover crops, there has been less research conducted on sweet
corn response. Several authors have shown that sweet corn
following hairy vetch has similar yield to N-fertilized sweet
corn without cover crop (Burgos and Talbert, 1996; Cline and
Silvernail, 2002; Carrera et al., 2004). Cline and Silvernail
(2002) showed that sweet corn following hairy vetch had sim-
ilar yields with or without fertilizer N for two years, but that
after three years with continuous use of hairy vetch in the
same plots, fertilizer N was required in addition to hairy vetch
to maintain maximum yield. Cherr et al. (2006) showed that
sweet corn yield was higher using high rates of fertilizer N
than with a combination of lower rates of N plus one of sev-
eral legume cover crops.
The sweet corn season is shorter than that of ﬁeld corn be-
cause the marketable ears are harvested earlier, when kernel
sugar content is optimal, than corn grain which are not har-
vested until kernels are ﬁlled and suﬃciently dried for me-
chanical harvest. A shorter season could reduce the N require-
ment and create the potential of meeting this requirement with
a fully developed hairy vetch or hairy vetch-rye mixture with
maximum N content. However, the shorter growing season
could also lead to high rates of N leaching after harvest, even
at recommended fertilizer N rates (Brandi-Dohrn et al., 1997).
The objectives of this research were to (1) determine the im-
pact of hairy vetch and hairy vetch-rye cover crops that were
allowed to develop maximum N content on sweet corn yield,
and (2) determine the eﬃciency of nitrogen use for sweet corn
production using cover crop and/or fertilizer N sources. We
hypothesized that yield of sweet corn would be similar with
hairy vetch-based cover crops in comparison with a no-cover
crop treatment with recommended fertilizer N. We also hy-
pothesize that the yield per N input eﬃciency of sweet corn
production (using the no-cover crop treatment without fertil-
izer N as a base level) would be greater when N was applied
as fertilizer than when derived from cover crop decomposition.
2. MATERIALS AND METHODS
2.1. Field experimental methods
A three-year, 2003–2005, ﬁeld experiment was conducted
at the USDA-ARS Beltsville Agricultural Research Center,
Beltsville, Maryland, on a Matawan-Hammonton loamy sand
and Ingleside-Hammonton loamy sand soil. The ﬁeld had not
been planted to corn for at least 3 years before this experi-
ment began. The experimental design was a split-block de-
sign with eight replications. The ﬁrst whole plot was three
Table I. Field operations and data collection for no-tillage sweet corn
production at Beltsville, Maryland.
Growing Season
Operation 2003 2004 2005
Plant cover crops in preceding year 19 Sept. 19 Sept. 14 Sept.
Apply paraquat to no cover plots 4 April 20 April 13 April
Cover crop biomass collection 17 June 14 May 9 May
Plant sweet corn 17 June 17 May 9 May
Mow or roll cover crops 17 June 17 May 9 May
Broadcast N application 17 June 17 May 9 May
Apply herbicide 17 June 17 May 9 May
Sidedress N application 21 July 18 June 16 June
Corn population determination 8 July 8 June 8 June
Cover crop residue biomass 1st 8 July 8 June 1 June
2nd 30 July 9 July 27 June
3rd 20 Aug. 30 July 19 July
Corn biomass collection 1st 8 July 8 June –
2nd 30 July 9 July 28 June
3rd 20 Aug 30 July 20 July
Corn ﬁrst ear harvest 4 Sept. 9 Aug. 2 Aug.
Corn second ear harvest – – 8 Aug.
cover crop treatments (hairy vetch, a hairy vetch-rye mixture,
and no cover crop) arranged in strips across each block. The
cover crop strips were split by two cover crop killing meth-
ods, mowing or rolling, that were 6 corn rows wide (4.6 m)
and ranged from approximately 30 to 60 m long depending on
the block. A second whole plot, laid out in strips perpendicu-
lar to the cover crop, was treated with or without fertilizer N.
An irrigation factor was initially designed into the experiment
but, since adequate rainfall was received and there were no
extended droughty periods during these three years (data not
shown), this treatment was dropped resulting in eight instead
of four blocks. Each year, the same treatments were applied
to the same plots. Major operation and data collection dates
are listed in Table I. After ear harvest, the corn stalks were
harvested for silage and removed from the ﬁeld in prepara-
tion for planting cover crops for the subsequent year. The ex-
perimental site was disked before planting the cover crops in
mid-September. Hairy vetch seed was inoculated and planted
at 45 kg/ha and the rye component of vetch-rye mixture was
planted at 45 kg/ha. Cover crops were grown until high levels
of biomass were produced in spring (Tab. II).
During the ﬁrst week of April of each year, the no-cover
crop plots were sprayed with 0.56 kg ai/ha of paraquat and
0.25% of nonionic surfactant to eliminate vegetation (Tab. I).
‘Silver Queen’ sweet corn was planted at a target population
of 59 000 seeds ha−1 in 76 cm rows using a no-till, 4-row
planter (John Deere model 7200, John Deer and Co., Freder-
ick, MD). Phosphorus and potassium were applied to all plots
at a rate of 34 kg/ha of P2O5 and K2O, respectively, each at
planting. Immediately following corn planting, the designated
half of each cover crop plot was either mowed using a high-
speed ﬂail mower (Alamo Corp., Seguin, Texas) that cut the
plants about 5 cm above the soil surface, or rolled using a unit
built by the authors to ﬂatten and crimp the cover crop stems
without disturbing the soil. Following killing the cover crops,
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Table II. Cover crop biomass and nitrogen content at planting and cover crop decomposition at 9 weeks after planting. Decomposition refers to
the amount of biomass present at planting when cover crops were terminated minus the amount remaining at 9 weeks after planting expressed
as a percentage of the amount at planting. Nitrogen released refers to the corresponding loss of N from cover crop tissue between planting and
9 weeks after planting.
At planting At 9 weeks after planting
Biomass Nitrogen Nitrogen
Biomass Nitrogen decomposition released released
Year Cover crop (Mg/ha) (kg/ha) (%) (%) (kg/ha)
2003 Hairy vetch 5.75 201 42 59 119
Hairy vetch + Rye 11.17 259 68 66 171
2004 Hairy vetch 4.67 197 57 80 157
Hairy vetch + Rye 8.95 252 76 85 213
2005 Hairy vetch 5.45 228 71 84 191
Hairy vetch + Rye 10.21 249 60 73 183
84 kg/ha N was broadcast as ammonium nitrate to designated
plots. The rest of the N (90 kg/ha) was applied as side dressing
when the crop reached the 6-leaf stage. All plots were sprayed
with 1.48 kg ai/ha of atrazine, 1.14 kg ai/ha of S-metolachlor,
0.53 kg ai/ha of paraquat, and 0.25% nonionic surfactant fol-
lowing planting, cover cropmowing/rolling, and broadcast fer-
tilizing. Asana XL [(s)-cyano(3-phenoxy phenyl) methyl (s)-
4-choloro-alpha-(methyl ethyl) benzene acetate] was applied
at a rate of 0.0187 kg ai/ha to control corn earworm (Helicov-
erpa zea Boddie) in 2003.
Immediately before seeding the corn, 0.25 m2 samples of
above-ground cover crop biomass were taken from each block,
dried at 65 ◦C, weighed, and ground to pass through a 40-mesh
screen for N determination. Additional 1 m2 grab samples of
the surface cover crop residue were taken from each plot at
3, 6, and 9 weeks after killing the cover crops for determina-
tion of biomass and N content (Ruﬀo and Bollero, 2003). Care
was taken to remove stones and soil from the residue before
biomass and N determination.
Within each plot, an area including a 9 m length of the inner
3 rows was reserved for ear yield collection. Corn population
was determined from these inner three rows about 3 weeks af-
ter planting. Corn plants were sampled at 3, 6, and 9 weeks
after planting from areas adjacent to the designated yield ar-
eas at the same time cover crop residue samples were taken.
Four representative plants were taken at the ﬁrst sampling date,
two plants for the second sampling date, and one plant for the
third sampling date. The plants were washed, dried at 65 ◦C,
weighed, and ground for N determination. Data on weight and
number of marketable ears were collected from the yield sec-
tions of the inner 3 rows of each plot. One harvest was made
in 2003 and 2004 because the treatments matured at the same
time. Two harvests were made in 2005, due to diﬀerences in
maturity time among treatments.
2.2. Analysis
An analysis of variance for a split-block design was con-
ducted on sweet corn biomass, N content, and yield com-
ponent variables using a mixed model procedure (PROC
MIXED, SAS version 9.1, SAS Institute, Cary, NC) with
cover crop and nitrogen as ﬁxed eﬀects and block, block ×
cover crop, and block × nitrogen as random eﬀects. Mean
separations were determined by the probability of diﬀerences
(P < 0.05) of least squared means using the PDIFF option
of the LSMEANS statement. To test for the eﬀect of cover
crop management (mowing or rolling), an analysis of variance
was conducted using only data from treatments with cover
crops (data from the no-cover crop treatment were excluded).
A mixed model was used for this analysis with cover crop, ni-
trogen, and cover crop management as ﬁxed eﬀects and block,
block × cover crop, and block × nitrogen as random eﬀects.
The eﬃciency of sweet corn ear yield production per unit
N input either from fertilizer or cover crop was determined
by the diﬀerential between the yield of a speciﬁed treatment
receiving N inputs and the yield of the unfertilized no-cover
crop treatment in a given year. Eﬃciency of nitrogen use was
determined by the ratio of the yield diﬀerential attributed to N




where Yn =marketable ear weight of the treatment receiving N
input, Y0 = marketable ear weight of the no-cover crop treat-
ment without N input, and Ni = quantity of nitrogen input.
The quantity of N input was either the amount of fertilizer
N applied (174 kg/ha), the amount of N released from cover
crop tissue between termination at planting and 9 weeks after
planting (values are listed in Tab. II), or the sum of fertilizer N
and released cover crop N. Nitrogen potentially released from
cover crop root tissue was ignored since unpublished data that
we obtained from another experiment on the same soil type as
well as data of Sainju et al. (2005) showed that there is usually
negligible N (10 kg/ha or less) in the roots of hairy vetch or a
vetch-rye mixture.
3. RESULTS AND DISCUSSION
3.1. Sweet corn yield
Sweet corn marketable yield and yield components are pre-
sented in Tables III–V. Sweet corn weight per ha (ﬁfth data
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Table III. Sweet corn marketable yield components in 2003. Values followed by the same letter within columns are not signiﬁcantly diﬀerent
(P < 0.05). There were no signiﬁcant main eﬀects for nitrogen and no signiﬁcant interactions between cover crop and nitrogen for any variable
in 2003 so only main eﬀects of cover crop are shown.
Plants Ears Ears Weight (g) Weight
Cover Crop (×1000/ha) per plant (×1000/ha) per ear (Mg/ha)
None 43.4 a 0.88 b 37.5 a 273 a 10.1 a
Hairy vetch 39.1 ab 0.87 b 33.1 a 280 a 9.1 a
Hairy vetch + Rye 33.7 b 1.05 a 34.3 a 284 a 9.6 a
column) can be derived as the product of two components,
ears per ha (third data column) and weight per ear (fourth data
column). Also, sweet corn ears per ha can be derived as the
product of two additional components, plants per ha (ﬁrst data
column) and ears per plant (second data column).
There were no diﬀerences among treatments in marketable
sweet corn yield in 2003 (Tab. III). In 2004 and 2005, sweet
corn marketable yield was highest in the no-cover crop treat-
ment with fertilizer nitrogen but lowest in the no-cover crop
treatment without fertilizer N (Tabs. IV and V). All yield com-
ponents had a similar pattern of response to fertilizer N within
the no-cover crop treatment as did ear weight per ha in 2004
and 2005. However, the component, ear number per ha, had a
broader range of response (2 to 3 fold diﬀerence between the
no-cover crop treatment with than without fertilizer N) than
the component, weight per ear, and contributed most to deter-
mining ear weight per ha. Since population was similar among
the no-cover crop treatments, the higher marketable ear num-
ber per plant was, therefore, the primary determinant of the
increased ear number and weight per ha with than without fer-
tilizer N.
Sweet corn yield was increased with the hairy vetch treat-
ment compared to the no-cover crop treatment when no fertil-
izer N was applied but the reverse was true when fertilizer N
was applied in 2004 and 2005 (Tabs. IV and V). This antago-
nism of sweet corn marketable yield by the hairy vetch treat-
ment in the presence of fertilizer N is contrary to results ob-
tained by others who have found no diﬀerence between a hairy
vetch and a no-cover crop treatment when fertilized (Burgos
and Talbert, 1996; Cline and Silvernail, 2002; Carrera et al.,
2004). In 2004, the decrease in sweet corn yield in the fertil-
ized hairy vetch treatment was driven by a non-signiﬁcant 5%
decrease in plants per ha and a non-signiﬁcant 10% decrease
in ears per plant that gave a signiﬁcant 15% decrease in ear
number per ha. In 2005, lower plant population was the main
determinant of lower ear yield in the fertilized hairy vetch ver-
sus the fertilized no-cover crop treatment.
The hairy vetch-rye mixture reduced sweet corn plant pop-
ulation by 22% in 2003 (Tab. III) and by 57% in 2005 (Tab. V)
compared to the no-cover crop treatment. High levels of the
vetch-rye biomass were produced in all years (Tab. II) which
created diﬃcult planting conditions. Planting was performed
into the standing cover crops followed by mowing or rolling
operations in order to facilitate seed placement but the dense
biomass and tough consistency of the rye crowns, in partic-
ular, still interfered with seed placement. Other researchers
have also reported reduced sweet corn populations in a vetch-
rye treatment (Burgos and Talbert, 1996; Cline and Silvernail,
2002; Carrera et al., 2004). Sweet corn compensated for re-
duced plants per ha in the vetch-rye treatment by producing
more ears per plant in 2003 (Tab. III) and in the fertilized treat-
ment in 2005 (Tab. V). This compensation was suﬃcient to
oﬀset the plant population eﬀect in 2003 and resulted in no
diﬀerences in yield per ha among cover crop treatments. How-
ever, in 2005, the increase in ears per plant was not suﬃcient
to oﬀset the high population reduction and yield per ha was
lower in the vetch-rye treatment than either the no-cover crop
or the hairy vetch treatment.
There were uniformly high yields in all treatments includ-
ing the unfertilized no-cover crop treatment in 2003 suggest-
ing that this ﬁeld was high in fertility at the beginning of this
experiment. However, because all treatments were kept on the
same plots and all above-ground vegetation was removed as
silage between years, sweet corn yield declined progressively
in the unfertilized no-cover crop treatment in 2004 and 2005
(Tabs. III–V). Yield of all other treatments with some form
of N input (fertilizer and/or vetch) remained relatively high
across years, except for yields in the vetch+rye treatment in
2005 which declined because of a low crop population.
The analysis of cover cropmanagement treatments revealed
few signiﬁcant diﬀerences betweenmowing and rolling.When
there were diﬀerences, they were small and not consistent
from year to year (data not shown). Therefore, all subsequent
analyses were conducted ignoring this factor. Lack of signiﬁ-
cant diﬀerences between management treatments may be be-
cause decomposition of hairy vetch probably is driven more
by internal cell collapse and deterioration of tissues than by
whether the tissue is shredded by the mower or crimped by the
roller. Choice of implements for ﬂattening cover crop residue
would best be determined by requirements other than those
tested here, e.g. pest and weed management or economics.
3.2. Sweet corn biomass, N content, and eﬃciency
of N use
Cover crops reduced early crop growth, both on an area and
plant basis (Tab. VI).
The vetch-rye treatment reduced early growth more than
the hairy vetch treatment in most instances. Cover crops pro-
duced abundant surface residue in all years (Tab. II) and sur-
face residue is known to maintain cooler soil temperatures that
can slow physiological processes (Fortin and Pierce, 1991).
In addition, cover crops can produce allelopathic compounds
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Table IV. Sweet corn marketable yield components in 2004. Values followed by the same letter within columns are not signiﬁcantly diﬀerent
(P < 0.05).
Fertilizer N Plants Ears Ears Weight (g) Weight
Cover Crop (kg/ha) (×1000/ha) per plant (×1000/ha) per ear (Mg/ha)
None 0 56.4 a 0.39 c 22.5 d 290 c 7.0 d
Hairy vetch 55.6 a 0.68 ab 37.5 bc 330 ab 12.7 bc
Hairy vetch + Rye 57.1 a 0.62 b 35.0 c 322 b 11.5 c
None 174 59.8 a 0.81 a 48.5 a 346 a 16.8 a
Hairy vetch 56.7 a 0.73 ab 41.1 bc 337 ab 14.0 b
Hairy vetch + Rye 55.2 a 0.75 a 41.2 b 336 ab 13.9 b
Table V. Sweet corn marketable yield components in 2005. Values followed by the same letter within columns are not signiﬁcantly diﬀerent
(P < 0.05).
Fertilizer N Plants Ears Ears Weight (g) Weight
Cover Crop (kg/ha) (×1000/ha) per plant (×1000/ha) per ear (Mg/ha)
None 0 53.7 a 0.22 c 12.2 d 261 c 3.2 e
Hairy vetch 47.1 b 0.55 b 25.7 b 285 bc 7.4 c
Hairy vetch + Rye 24.7 c 0.59 b 13.4 d 325 a 4.4 e
None 174 54.0 a 0.65 b 35.0 a 309 ab 10.8 a
Hairy vetch 46.0 b 0.62 b 28.5 b 303 ab 8.6 b
Hairy vetch + Rye 21.9 c 0.83 a 17.8 c 311 a 5.4 d
Table VI. Sweet corn plant biomass at 3 weeks after planting in 2003
and 2004 and 6 weeks after planting in 2005. There was insuﬃcient
biomass at 3 weeks after planting in 2005 to warrant a harvest. There
were no signiﬁcant interactions between cover crop and nitrogen for
these variables so only the main eﬀects of cover crop are shown. Val-
ues followed by the same letter within year are not signiﬁcantly dif-
ferent (P < 0.05).
Plant biomass (kg/ha)
Cover Crop 2003 2004 2005
None 78.1 a 21.7 a 2461 a
Hairy vetch 59.2 ab 12.9 b 1821 b
Hairy vetch + Rye 40.0 b 10.2 c 536 c
Weight (g) per plant
None 1.68 a 0.37 a 45.6 a
Hairy vetch 1.47 a 0.23 b 39.0 b
Hairy vetch + Rye 1.11 a 0.18 c 22.5 c
which may contribute to suppression of early crop develop-
ment (Fortin and Pierce, 1991; Dyck et al., 1995). Early crop
biomass at 3 weeks after planting was not correlated with mar-
ketable yield in 2003 and 2004 (r = 0.16 and −0.04, respec-
tively). However, crop biomass at 6 weeks after planting in
2005 (earliest sampling date in that year) was correlated with
ear yield (r = 0.43), probably because the relation of early
biomass to yield followed the same pattern as the relation of
crop population to yield which appeared to be the primary de-
terminant of yield loss (Tab. V).
There were few signiﬁcant cover crop eﬀects on sweet corn
plant biomass at 9 weeks after planting (just after silking) and
fertilizer N tended not to increase plant biomass within a given
cover crop treatment (Tab. VII). Correlations between plant
biomass at 9 weeks after planting and marketable yield were
low in 2003 and 2004 (r = 0.30 and 0.36, respectively) but
Table VII. Sweet corn plant biomass and nitrogen content at 9 weeks
after planting. Values followed by the same letter within year are not
signiﬁcantly diﬀerent (P < 0.05).
Fertilizer N
Cover Crop (kg/ha) 2003 2004 2005
Plant biomass (Mg/ha)
None 0 8.08 b 8.86 a 6.37 bc
Hairy vetch 9.72 ab 10.63 a 8.29 a
Hairy vetch + Rye 10.74 ab 10.94 a 4.95 c
None 174 13.51 a 11.27 a 6.59 abc
Hairy vetch 9.47 b 11.08 a 7.94 ab
Hairy vetch + Rye 9.41 b 11.08 a 5.01 c
Plant nitrogen content (%)
None 0 2.38 ab 1.26 c 1.63 c
Hairy vetch 2.33 b 1.64 b 2.33 b
Hairy vetch + Rye 2.52 ab 1.42 bc 2.38 b
None 174 2.31 b 1.72 b 2.34 b
Hairy vetch 2.59 a 2.01 a 2.80 a
Hairy vetch + Rye 2.42 ab 2.15 a 2.95 a
were higher in 2005 (r = 0.46). However, the correlation in
2005 was driven primarily by the correlation between biomass
and yield within the vetch-rye treatment (r = 0.50) which was
driven primarily by the correlation between population and
yield within that treatment; within the no-cover crop treatment
and the hairy vetch treatment, there was minimal correlation
between biomass and yield (r = 0.15 and 0.24, respectively).
The N content of sweet corn plants at 9 weeks after plant-
ing tended to reﬂect the N inputs. The N content of plants with
no N input was lowest in 2004 and 2005 (Tab. VII). The N
content of plants with inputs of cover crop N, particularly the
hairy vetch treatment, tended to be higher than that without
cover crop. The N content of plants receiving fertilizer N was
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Figure 1. Eﬃciency of marketable sweet corn ear production per unit
N input. Eﬃciency was computed as the diﬀerence between the yield
of the speciﬁed treatment and the yield of the unfertilized no-cover
crop control divided by the amount of nitrogen input from fertil-
izer and/or cover crop decomposition. Abbreviations: NC+N = no
cover crop with fertilizer N, HV–N = hairy vetch without fertilizer
N, HV+N = hairy vetch with fertilizer N, VR–N = hairy vetch-rye
mixture without fertilizer N, VR+N = hairy vetch-rye mixture with
fertilizer N. Bars with the same letters within year are not signiﬁ-
cantly diﬀerent (P < 0.05).
higher than the corresponding cover crop treatment without
fertilizer N. Plant N content was not correlated to marketable
yield within the cover crop treatments but was highly corre-
lated to yield within the no-cover crop treatment in 2004 and
2005 (r = 0.66 and 0.70, respectively).
The eﬃciency of yield per N input was not computed for
2003 because there were no signiﬁcant diﬀerences in yield
among treatments in that year, but was computed for 2004 and
2005 because there were signiﬁcant diﬀerences between the
yield of treatments with and without N inputs in those years.
Marketable sweet corn yield was increased more eﬃciently by
fertilizer N than by hairy vetch N (Fig. 1). Adding fertilizer
N to the hairy vetch treatment decreased yield per N input ef-
ﬁciency compared to the hairy vetch treatment alone. Hairy
vetch, alone, was more eﬃcient than the vetch-rye treatment
but the low eﬃciency of the vetch-rye treatment in 2005 was
likely because of low population rather than N utilization.
Higher yield per N input eﬃciency with fertilizer N than
with the hairy vetch in 2004 and 2005 was not related to
greater N released into soil by fertilizer N. An estimated 80
to 84% of N was released from hairy vetch residue by 9 weeks
after planting (Tab. II), providing a similar amount of N as the
174 kg/ha that was applied as fertilizer. Research using 15N
isotope has shown that corn uptake of N from fertilizer can be
approximately double that taken up from hairy vetch or other
legume residue (Harris et al., 1994; Kramer et al., 2002; Seo
et al., 2006). In these 15N studies, legume N tended to partition
more into soil organic fractions (Harris et al., 1994; Seo et al.,
2006), particularly into soil microbial biomass (Harris et al.,
1994), than did fertilizer N. Decreased early growth of corn
in cover crop treatments versus the no-cover crop treatment
(Tab. VI) may be partially explained by slower release of N
from residue and cooler soil conditions that would delay root
access to and uptake of available N. But corn biomass and N
content by 9 weeks after planting in the hairy vetch treatment
were comparable or superior to the fertilized no-cover crop
treatment (Tab. VII) indicating there was a suﬃcient supply of
soil N to drive growth. Reducedmarketable yield and yield per
N input eﬃciency in the hairy vetch treatment versus the fer-
tilized no-cover crop treatment is explained more by reduced
corn populations (Tabs. IV and V) than by unavailability of
or inability to uptake soil N. Adding fertilizer N to the hairy
vetch treatment did little to compensate for this population ef-
fect on yield potential and resulted in lowering the yield per
N input eﬃciency relative to the hairy vetch treatment without
fertilizer N.
Our results and that of others (Ranells and Wagger, 1996;
Sainju et al., 2005) show that hairy vetch and hairy vetch-rye
cover crops can release N amounts similar to or greater than
recommended fertilizer N rates (Tab. II). Estimates of the over-
all proportion of fertilizer N taken up by corn average about
50% (Karlen et al., 1998). Research accounting for the fate of
fertilizer or cover crop 15N in the soil-plant system found re-
coveries ranging from 50 to 85%, suggesting that 15 to 50%
would be subject to loss into the environment (several studies
summarized in Seo et al., 2006). Signiﬁcant amounts of cover
cropN have been shown to be lost to leaching or denitriﬁcation
before uptake by corn or soil microbial biomass (Rosecrance
et al., 2000). In light of the low eﬃciency of cover crop N use
by corn, particularly with a combination of cover crops and
fertilizer N (Fig. 1), potentially large quantities of N, there-
fore, could be lost into the environment following sweet corn
harvest (Brandi-Dohrn et al., 1997). These results suggest that
a diﬀerent management approach is needed other than attempt-
ing to meet N requirements for sweet corn by maximizing
cover crop biomass and N production.
4. CONCLUSION
In the short term, as measured over the three years of this
experiment, sweet corn grownwith fertilizer N without a cover
crop resulted in the highest and most eﬃciently producedmar-
ketable yields. Sweet corn grown in high quantities of hairy
vetch and vetch-rye residue, that released similar N levels to
that of applied fertilizer N, increased sweet corn yield when
no fertilizer was applied but antagonized yield in the pres-
ence of fertilizer N. Yield reductions by cover crops were at-
tributed primarily to reduced sweet corn population, probably
the result of interference with seed placement during plant-
ing into the abundant residue biomass. This research was con-
ducted during three growing seasons with good rainfall; more
droughty conditions could have favored the beneﬁts of cover
crop residue for improving inﬁltration (McVay et al., 1989)
and conserving soil moisture (Clark et al., 1995). Regardless,
our results demonstrate that planting directly without tillage
into cover crop residue that has been allowed to produce high
biomass and N content may not be an advisable practice.
In the long-term, no-tillage crop production using cover
crops will provide long-term soil improvements in organic
matter and related properties (Sainju et al., 2003) as well
as provide soil protection during winter months. In order to
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avoid problems of planting into potentially heavy cover crop
biomass levels, it may be desirable to kill cover crops earlier
than planting. Research with ﬁeld corn showed improved crop
performance when hairy vetch was killed at least one week
before corn planting (Teasdale and Shirley, 1998). In addition,
planter innovations may be needed to reduce residue interfer-
ence with no-tillage planting (Torbert et al., 2007). Following
sweet corn harvest, use of an eﬀective N capturing cover crop
such as rye (Shipley et al., 1992) or forage radish (A. Kremen
and R. Weil, U. of Maryland, personal communication, 2007)
would alleviate potential losses of excess N remaining in soil.
Future research should determine the optimum timing of cover
crop kill relative to planting and the associated N dynamics
to facilitate achieving the long-term beneﬁts of cover crops
while avoiding interference with crop production and excess
N losses before and after harvest.
REFERENCES
Abdul-Baki A.A., Teasdale J.R. (2007) Sustainable production of fresh-
market tomatoes and other vegetables with cover crop mulches,
USDA-ARS Farmers’ Bull. No. 2280, 31 p.
Brandi-Dohrm F.M., Dick R.P., Hess M., Kauﬀman S.M., Hemphill Jr.
D.D., Selker J.S. (1997) Nitrate leaching under a cereal rye cover
crop, J. Environ. Qual. 26, 181–188.
Burgos N.R., Talbert R.E. (1996) Weed control and sweet corn response
in a no-till system with cover crops, Weed Sci. 44, 355–361.
Carrera L.M., Abdul-Baki A.A., Teasdale J.R. (2004) Cover crop man-
agement and weed suppression in no-tillage sweet corn production,
HortScience 39, 1262–1266.
Cherr C.M., Scholberg J.M.S., McSorley R. (2006) Green manure as ni-
trogen source for sweet corn in a warm-temperate environment,
Agron. J. 98, 1173–1180.
Clark A.J., Decker A.M., Meisinger J.J., Mulford F.R., McIntosh M.S.
(1995) Hairy vetch kill date eﬀects on soil water and corn produc-
tion, Agron. J. 87, 579–585.
Cline G.R., Silvernail A.F. (2002) Eﬀects of cover crops, nitrogen, and
tillage on sweet corn, HortTechnology 12, 118–125.
Decker A.M., Clark A.J., Meisinger J.J., Mulford F.R., McIntosh M.S.
(1994) Legume cover crop contributions to no-tillage corn produc-
tion, Agron. J. 86, 126–135.
Dyck E., Liebman M., Erich M.S. (1995) Crop-weed interference as in-
ﬂuenced by a leguminous or synthetic fertilizer nitrogen source: I.
Doublecropping experiments with crimson clover, sweet corn, and
lambsquarters, Agr. Ecosyst. Environ. 56, 93–108.
Fortin M.C., Pierce F.J. (1991) Timing and nature of mulch retardation of
corn vegetative development, Agron. J. 83, 258–263.
Harris G.H., Hesterman O.B., Paul E.A., Peters S.E., Janke R.R. (1994)
Fate of legume and fertilizer nitrogen-15 in a long-term cropping
systems experiment, Agron. J. 86, 910–915.
Karlen D.L., Kramer L.A., Logsdon S.D. (1998) Field-scale nitrogen
balances associated with long-term continuous corn production,
Agron. J. 90, 644–650.
Kramer A.W., Doane T.A., Horwath W.R., van Kessel C. (2002)
Combining fertilizer and organic inputs to synchronize N supply in
alternative cropping systems in California, Agr. Ecosyst. Environ.
91, 233–243.
Kuo S., Sainju U.M., Jellum E.J. (1997) Winter cover crop inﬂuence on
nitrogen in soil, Soil Sci. Soc. Am. J. 61, 1392–1399.
McVay K.A., Radcliﬀe D.E., Hargrove W.L. (1989) Winter annual
legume eﬀects on soil properties and nitrogen fertilizer require-
ments, Soil Sci. Soc. Am. J. 53, 1856–1862.
Ranells N.N., Wagger M.G. (1996) Nitrogen release from grass and
legume cover crop monocultures and bicultures, Agron. J. 88, 777–
782.
Rice P.J., McConnell L.L., Heighton L.P., Sadeghi A.M., Isensee A.R.,
Teasdale J.R., Abdul-Baki A.A., Harman-Fetcho J.A., Hapeman
C.J. (2001) Runoﬀ loss of pesticides and soil: A comparison be-
tween vegetative mulch and plastic mulch in vegetable production
systems, J. Environ. Qual. 30, 1808–1821.
Rosecrance R.C, McCarty G.W., Shelton D.R., Teasdale J.R. (2000)
Denitriﬁcation and N mineralization from hairy vetch and rye cover
crop monocultures and bicultures, Plant Soil 227, 283–290.
Ruﬀo M.L., Bollero G.A. (2003) Modeling rye and hairy vetch residue
decomposition as a function of degree-days and decomposition-
days, Agron. J. 95, 900–907.
Sainju U.M., Whitehead W.F., Singh B.P. (2003) Cover crops and nitro-
gen fertilization eﬀects on soil aggregation and carbon and nitrogen
pools, Can. J. Soil Sci. 83, 155–165.
Sainju U.M., Whitehead W.F., Singh B.P. (2005) Biculture legume-cereal
cover crops for enhanced biomass yield and carbon and nitrogen,
Agron. J. 97, 1403–1412.
Seo J.H., Meisinger J.J., Lee H.J. (2006) Recovery of nitrogen-15-labeled
hairy vetch and fertilizer applied to corn, Agron. J. 98, 245–254.
Shipley P.R., Meisinger J.J., Decker A.M. (1992) Conserving residual
corn fertilizer nitrogen with winter cover crops, Agron. J. 84, 869–
876.
Teasdale J.R., Abdul-Baki A.A. (1998) Comparison of mixtures vs.
monocultures of cover crops for fresh-market tomato production
with and without herbicide, HortScience 33, 1163–1166.
Teasdale J.R., Devine T.E., Mosjidis J.A., Bellinder R.R., Beste C.E.
(2004) Growth and development of hairy vetch cultivars in the
Northeastern United States as inﬂuenced by planting and harvesting
date, Agron. J. 96, 1266–1271.
Teasdale J.R., Shirley D.W. (1998) Inﬂuence of herbicide application tim-
ing on corn production in a hairy vetch cover crop, J. Prod. Agric.
11, 121–125.
Torbert H.A., Ingram J.T., Prior S.A. (2007) Planter aid for heavy residue
conservation tillage, Agron. J. 99, 478–480.
